Lawrence Berkeley National Laboratory
Recent Work

Title
HEMATOLOGIC EFFECTS IN MAN OF LOW-LEVEL RADIATION EXPOSURE

Permalink
https://escholarship.org/uc/item/4564i3f2

Authors

Dobson, R. Lowry.
Chupp, Mary M.

Publication Date
1958-04-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/4564j3f2
https://escholarship.org
http://www.cdlib.org/

&S

UCRL - 399

e

UNCLASSIFIFD

UNIVERSITY OF
CALIFORNIA

f
TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

- J

BERKELEY, CALIFORNIA

" A= TR

" QFRICHEEUSE ONkY




DISCLAIMER

This document was prepared as an account of work sponsored by the United States

" Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not:
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL 39556

T - ’
S3rram .
AN Lt

LY T S e oy —

~
Snaesrnre

. FEMATOLOGIC EFFECTS IN MAN OF, LOW-LEVEL
e RADIATION EXPOSURE™ '
" R.L. Dobson? and M.M. Chupp
L INTRODUCTION.

e Veryalitug"d;uct information is svailable on the affects in men of
" sroell doses of {onizing radiation. Preseat concepts ere based largely on
. eaxtrapolation from higher doses in humans and from experiments on animale.

- - ‘The nead for otudies of sffects on humau beings of small doses or of chronic -

ﬂf.’flbvg«leve;lj exposure to ionizing radiation is appareat.

“o L The pﬁrttfdu!ar» seusitivity of the blood- forming organs to x-rays was
.- demounatrateid by Feineks as oarly as 1903 (1, 2). Maoy investigators since

' then have described chaages in the paripheral blood, eopecially depressions

. of the cellular elemente, Jacobson, in reviewing the hematologic effects of
- fonizieg endiation (8), points out that few pbhaervations have been reported

 during the last twooty yeare which hed not previously appeared in reports of

eatly workers such as Heioske (2), Ruse, et al, (4}, Licassagpe and

- Levadan (5), snd others,

P 'Until the early 1940's most studies of radiation-induced changes in
hemopoietlc tizsue and blood ware with relutively large doses of fonieing
radiation. Human data came only from acecidental exposures (6, 1) and from

a “patfents receiviag radiation therapy (8, 9). The development of the atomic

. - energy program gove impetus to studies on effécts of small dogses and chronic
_* low-level exposure; however, thers have been only & few convinciag
- quantitative studies on man.

The moet suggestive eifects de:icribed in human beings are minimsl
changes in leukocyts count and morphology. S#vert and Helde obeerved changes
in perscis exposad to x-rays st levels astimated to be ae low as 0.02 r to
- 0.05 r per day (10, 11). Mayneord reported a significant depression in

ﬂmancr leboratory of Blophyoics and Medical Physics, University of
Califorais, Berkelsy, California. :
: *With contributions by Dr. Marley B, Messinger and Dr. Nicholas L.

Petrakis, Department of Preventive Medicine, University of Californis School
of Medicine, Sas Francisco, California.

sPrinat address: Werld Health Organisation, Palpis des Nations, Geneva,
Bwitserland. ' - -
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T 1oukocytu in persons exposed to levels presumably uot greatly exceeding
ST 00125 ¢ per week (12). Knowiton found a statistically significant gradual
L " declins in the absolute lymphocyte counts fn a group of perdos: chronieally
SN - exzposed to gamma radiation at an average lavel of 0.21 r per week (13).
Sea Morpholoﬁc changes {n lymphocytes were chserved by Ingram and Barunes,
L “who reported au increased incidence of bilobed and binucleated lymphocytes
. . in'the circulating blood of cyclotron workers exposed to presumably very low
B . .iivill of trradiation (14). Subsaguent studies with dogs (15) and more de-
AT S Mled observationa on humnns {16) veemed to confirm the original findings,

’tha Iugram'a observations came to our attention, a number of
ST riments were carried out at this leboratory to iavestigate this phenome::-
e T E&“ﬂ{l‘?) The results suggested that indeed there was aa {ncrease in the
SR ' {netdence of binucledted lymphocytes {Bol) in individuals exposed inter-
S mittently or chronically to radiation at levels below 0.3 r per week., These
LY .. -dats, ‘however, were not sufficiently complete to allow adequate statistical
St U - svaluation, Perlpheral blood studies were subsequently undertaken. The
SR U nature and magnitude 6f the BaL response were studied in normal human
UL N ‘ha{nga exposed to {a) chtouic low-level radiation and {b) single fgolated doses
L of donising radiation. A significant inceemse in the fucidence of Bnl was
.4 .- observed in persons whose avérage yearly exposure was in the range of only
Lo '0.1tc 0.2 ¢ per week, as well as in persons exposed to single isolated doses
- pi ionizing radiation at about 2.5 r,

S " . The dcnaxyribonucleic acid {DNA) countent of the Bul was also studied.
RN ;Rnauita judicate that these cells contain probably the normal lymphoceyte
SHC _‘ complémant cf DNA,

fI. METHODS
CHRONIC EXPOSURE S§TUDY

- Bioucleated lymphocytes (Bnl) were counted in the peripheral bloed
. of fifteen norms! individuale, Comparison was made between a group ex-
.. 'posed to low-level irradiation and a wormal control group. The former was
S sosde up of eight healthy young men receiving, ia the course of their work as
- ‘accelerator operatore, fatermittent and chronic exposures of predominantly
x aad gamma radiation. The control group wae made up of sevean persons
receiving no known exposures to radiation above background levels, The two
groupe were approximately matched by age.

s ‘ ' Qaterminattons of the doses received by persons in the oxpoaed group
' were made by dally electroscope readings and weekly film-badge meaoure-

ments. Average oxposures for the year, the moath, and the week prior to
the experiment were computed for each persoa as well as for the group as a
whole {Table 1). Weekly neutron exposures were determined from track
counte ot ndutron-sensitive film badges. On the basis of an essumed relative
biclogical effectiveness of 10 for ceutrons, the yenrly average dose received
by one subject {C«1) amounted to 0.04 rem per week from neutrons in addition
.o the doze listed in Teble 1. The other subjects veceived an average of from
0.0% t0.0.02 rem per week from neutrons. There were no positive film.badge

02‘
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- ‘readings in the countrol group.

" Forx the Bnl éeautu. samples of capillary blood were taken fyom the

" ear lobe at hourly dutervals for five or more consecutive hours on the day of

sampling. No aaticoagulants or concentration methods were used. Fresh

- blood fllms were treated with Wright's stain., The slides were examined at

R 200 X magnification with & microscope provided with a mechanically dipven

" . _stage. The total numbers of white blood celle and Bul seen were recorded.
"Only BnL with two completely separate nuclei or with two uouwerlap;énﬁ
olle

nuclel connected by a thin hairlike filament (Fig. 1) were recorded,

. not meeting thess criteria and cells with bilobed nuclel were not considered
‘. inthis study. On each slide, 6, 000 to 10, 000 white blood celle were countad.
.- - Positional coordinates tor each Bal were recorded.

L7 la ah attempt to explore the time sequence of the Bul. response and to
‘phesave possible changes due to single or curnulative exposures, detailed
- studies were made on two individuals, over a peridd of several mouthe in
.. ohe case and over slmdst two years in the other. Dally electroscope récords
... were maintained for the whole experimental period and were checked with
" weekly film-badge readings for consistency. Neutron exposures were

T ‘@Q‘tsﬁ@gd s deacribed adove.
“.. . . ACUTE EXPOSURE S$TUDY

© A group of seven healthy individuals working at the Nevada Test Site
« ... doring an operational period wasx chosen for study. . Selection of these persons
. YU was based on the nature of their assignment, which was the measurement of
<0 dertaln padiation levels at the site. In the course of this work each iadividual
' peceived a sitgle total<body exposure of gamama radiation in a period of 16

to 30 minutes. 'Ia each case the maguitide of the exposure wag determined
from three film badges and checked with pocket electroscopes and portadble

o g:ut:. ‘Beta radiation was negligible, and neutrons did not contribute to
 the dose, : o _ '

- Medioal sxaminations, comnplete blood counts, aad urinalyses were
dobe to rule out the existence of complicating abanormalities. To extlude the

" ‘possibility that futernal radiation might be contributing fo the dose, scintilla-
. -tion counting over the thyroid area was carried out and radio-nssay studies

- for alphs and beta emitters in 24-hour urine samples were performed before

- and efter exposare, with negative results, It was established that noae of

these pergons had undergone any dlagnostic x~-ray examioation for at least

. b.moonths prior to the experiment, Film-badge records covering a periddmi

‘& months prior to the study did chow, however, that most of thess individuals

.- bad received some radiation exposure during the preceding half year. These
- duts are presentad in Tabie I :

 Fsmatological studies were conducted Guring a control period prior to

~ exposure and for 11 days after oxposure. On cach person, five bloed counts
_ ware taken daily at 2-hour intervals for & period of 3 days before exposure,
' The same procedure was followed &in the day of exposure and ou the first,
- second, fourth, sixth, ninth, tenth, and eleventh postexposure days. Blood

films for differential counts were made from cepillary blood
«3-
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‘samples obtai_ud by ear puacture at 8:00 ey ,10100, 12:00, 2100 p.m., and
4100, Blood films were treated with Wrights stain. Total leukocyte counts
. i duplicate were dons at 8:00 a.m., noon, and 4:00 p. m,

L To avoid po“ibh blas, a different worker iuﬂependently coded the
- ‘slides with random sumbers before they were examined. Bal aad total
- white cells were counted and recorded as described above.

. LYMPHOCYTE DNA CONTENT

“ oo, The totel DNA content of eight Bal and of the individual “nuclei” was

" deteymined by Feulgen microspsctrophotometry on blood smeare by use of a
© - method dascribed by Petrakis and 2E0141ad.(18). The DNA content of normal
“: 7 lymphogytes on the same slide was measured for control.

,, o ¥ : 11, 'RESVLTQ :
| ' CHRONIC EXPOSURE STUDY

ot T Results of the comparative study on the chronically expesed and une-
cpoo. T expoaed groups are pressated in Table Il and in Fig. 2. These data were
L i derived from the counting of mere than one million white blood cells. It s
- 'mpparvent that the incidence of binucleated lymphocytes (Bal) amoag the
S odleculating white calls is very low, and that it' wae higher in the exposed than
oo 27 in the wnexposed group. The mean in the control group was 1.4 Bal per
oo 7 80,000 lenkocytes, with a raunge of 0.4 to 2.5; it wae 5.9 par 50,000 in the
Do emposed group, with a range of 3.4 to 7.6. o i

bl i The euggestion of & pattern of response to individual doses of radia-
;.- tion in séen in Fig. 3, wherve daily exposures of still another person are |
[ oo: shows, with scattered Bal. counts for 4 period of 90 days. The daily radia-
Lo dkon exposures, which wera prodominantly garma radiation, varfed from! -
e te 0,26 £, 'x’fu facidence of Bal over the period of 3 months fluctuated from
a0 O ke 10 per 66, 000 white blood celle. The larger numbers seemed to sappear
U eeweeal days after iadividual exposure to 0.2 ¥ or more. Daily counts were
L taken during the 1ast 10 days of cbeervation following & dose of 0.26 v, ‘1'?\'
: o dtgs.‘;dur thin exposure the fncidence of Bak was 15 per 80,000 white: blog! \
--cellal 10 days after sxposure it was §7 per 50,000, Betwsen times the e
0 Yinclidence varied from 1 to 8. Thuas, there was suggested a biphasic pattern .
VT of sespinse with peaks at about 2 days and agein st about 10 days afteran |
G fadividas] exposure., e = : : NN

L Dedte collected sver & 21.month period from avother individual are ) \
o f‘memd {n Fig. 4. This person bad worked with radiation for many years. B
- At §s worthy of note that the incidence of Bnl. was maintained at a high level
- -for the watire period of ehesrvation, and did not decrease during a 3-month
. “interval while the subject received essentlally ao radlasion: expoeure. , The’
. average incidence of Bul in this man s Higher than we have observed in
- most Bxpeasd persons. This rany represent individual variation. The

\

. striking peak of 21 per 80, 000 followed upon several successive exposures
o ottcomitasteod r o -

{
L
*

1.55



';(‘hc incidmce of binucleated lamphocytaa among white cells in
‘blood oz' nomal perwns chronically oxpoud t.o lw—levol X~

’MBLE III

, ﬁumbor of

the peripheral

and gamma radiae

e - 3

Bubjoct Agt mmber of ﬂumber of Calculated number of
_ b hourly samples lsukocytes = binucleated binucleated lymph-
BN counted lymphocytes ocytes per 50,000
R seen white cells
Cel A 6 - 58,172 8 6.9
ge2 23 11 106,000 2% 7.6
T Geh B 6 60,000 5 b2
c-5 39 é 60 000 4 3.4
CCe6 . 29 5 50,000 7 7.0
T g7 5 39,000 A 5.0
108 34 5 34,700 b 5.8
Mean 31 Totel 50 Total 467,872 Total 57 Kean 5.9 G, 0.56
- - ontol Group
e 32 3 50,000 1 1.0
CGRW - 29 CE . 80,000 3 1.9
S gell .27 T 140,000 1 0.k
. Cel2 27 5 60,000 3 2.5
013 31 8 80,000 2 1.3
el 29 7 70,000 3 2.2
015 25 6 60,00 1 0.8
29 Total 54 Total 540,000 Total 14 Mesn 1.4 0},70.29
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ACUTE EXPOSURE STUDY

S thlatian dos.c recéived by the subjects as single exposures are

~ presented in Table IV together with mean pre- and postexposure leukocyte
counts.. The total white blood cell counts in individuale as well as in the
3rmrp /s a whole did not chmgo significantly after exposure.

‘Ia Table V ave shown the Bal. counts for the control period of two pre-
’ cxpotur. days aud for two selected postexposure periods. Data from the

; "-";third pre-exposure day, the day of sxposure, and the fourth and sixth
... pestexposure days are uot available at this time, The firet and second
postexposure duys wére cohnsidered together as Period I, and the ninth,
enth; and eleventh postexposure days together as Period 1. The incidence
of BulL in the control period in seen to be rather higher than was obnrvod
n!—ihe tlut exporimmt‘ U ,

S Fiwo § h a grnphial preaentctwn of the difference in BnL incidonce
betwcn the two postexposure periode and the control period. The subject .
~who received 2.4 r showed 2 sighificant increase duzing the second post-
exposure.period, and the subject who received 2.6 r showed an increase
‘during the fivst ;sostexpomrc period, ‘rhc errors shown in ¥ig. 5 are 1
by it.n&nﬁ dcmt&on. o , o

LYMPHQCYTE DNA CONTEN‘I P

A L ﬁeasuumen:s of the DNA content of eight Bal were compared with those
L AT b; nntmal tells on the same slide. - There was a considerable epread of the

© L Ivaldes found, but these early results strongly suggest that the total amount
27 of DMA ia the BuL is the same as in the normal lymphocytes, the diploid
L "amount;  Measurements on individual "auciki" of the Bnl gave values
ERTI lpproadmhly onca-ha.!l as great &s those from normal cells, S

1V, DISCUSSION SN

et ’i‘h- binucleated lymphocytes (Bal) appear to be Foi-son-diatrihnted
'.'monz the white blood cvells. This wase tested with the data from the chranic- Y

* exposere study by the Chi-square variance test (19). The difference between
S the expo“d and the unexposed groups, which is apparent from inapectiou' A

" of Fig. 2, was confirmed at the 1% siguificance level with 2 computed P PR

T T valuwe of 0.3%.. The meaus for cach group were also computed.  The obuzv- '
T4 ed zatio (oxpau&/nnexpasad) of the means was 4.7, and the 95% conﬁdence .
Ty _intnval lm the true ratio extended {rom 2.7 to 9.6. o

chﬁhnruion of the diiference bctwcen these two groups ptovidu Y L

. strong support for the assumption that Bnl response follows exposure to :
. chroaic low-level radiation. 1t is of special iaterest that the higher

~iacidence of Bnl was seen ln a group of persons whose average weekly %

axpamc was of the order of oaly 0.1 to O Zd N

. ¢ The umto expocun study is, at thia stage. somewhat less conclusive, ,;ﬁ\
However, the demoustration of an iacresse in Bal (by computation of the ¢
ratio of the means) at the 5% significance level in the two persone receiving

~doses of 2.4 and 2.6 r respectively, suggests a duse effect, since the

7.
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A=) _o.? 7, 660,. 9,256 9,288 7,475 8,807 9,312
-2 0.7 10,035 10,100 11,200 10,508 11,992 10,796
A=3 L.h 8,8% 8,804 10,078 9,38 10,815 9,650
CAsh L8 10,232 13,038 13,292 10,414 12,330 11,898
A5 1.7 12,1% - 15,231 10,975 13,781 12,007 12,928
; A=6~ 2:4 '13,170 11,038 10,875 . 14,489 14,138 14,755
T AT 2.6 10,912 10,632. 10,763 10,365, 10,698 12,547
“Medn 1,8 m.m-m,m 10,924 10,905 11,512 11,412
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pwaom tq»c#vlug exXposures less than 2 r fuiled to show a sigatficant

Fespoase, - The fact that each of these two individuals showed s response at
pily ong of the postexposurs times indicates that caution should he used in

© . connecting the Bul, résposes to the radiation alone,

" A factor of ‘probable fmportance in the acute exposure etudy was the

Ao

Y,

- epPatic pattern of daily liviag of all seven subjects during the pariod of
" observition. Their achedulss of duties at this time were irvegular; they
- foaquently worked long hours and hed very lttle sloep, meals also were
“ o, irvegular, ‘It is ot wnlikaly that these unusunl living conditions were
;* tesponsible for the highincidetce of BaL sesn during the control period,
Firtherraors, othsrwise detectable responsss to the smaller radiation doses
. onay have been obscured, : ‘ - _ B

<o - The binucloated lymphocyte fesponse is not speeific to radiation,

o> "Murphy aod Sturm reported secing large numbers of these cells in the blood
- of aoimale aiter keat treatment (20), Ingram observed their increased

- -incidence with various diseases, and has emphasized the importance of

v considering the genoral health of an individual when interpreting this kemato-
" logical véaponse {21). We have seen very high oumbers of BaL fn patients

w1 with lymphatie leukemis, and found thefr numbers elevated in infectious

. Bepatitis snd other conditions (22§, '

o m" patiern of lymphocyte response that ie suggested da the $0-day
shservation period by peaks observed approximaetely 10 days after the

L ohee
Mghn; sxposures (Fig, 3)is {ateresting io relation to the early observations
LBy Murphy and Sturta {20). in 1919 they described the appserance of binucleated
.o lymophiscytes iu the peripheral blood of mice, rats, and guines pigs 6 to 10
‘ L dnys afte¥ exposure to hest at temperatures of 58" 6 65° C. The binucleated
UL Seells were most prominent at a timeé when regeneration of lymphoid tissues
‘ - was. msximal,  Jagram reports the highest incidence of bilobed lymphocytes

T in dogs during the second 2 weeks after exposure (o x-rays, aod during the
“o " klwet 2 weeks after exposurs to the environment of an operating cyclotron (18).

o

[+ Bellack:-aid Btorar ohssrved the highest repoase peak in rats snd mice -
o UappYesdniately 1| week after {rradiation {23). A

"I‘lu ':ipﬁnraﬁ;';nﬁﬁéﬁ"dﬂcity and the time patteru of the response -

R .deed make the driginal suggestion of Murphy and Sturm atteactive--that

n " these lymphocytes are cella in the midst of amitotic division, and are

.- ?%pcehn; prevalent during peridds of active lymphoid tissue repair following
. the general stress plctire (24), and Dougherty suggests that the Bal might

rank and Dougherty offer that thia phenomenon is simply part of
bacxpomd 10 correlate with the large-diameter "stress lymphocyte™ (25).

. The DNA daterminations indicated that these cells contain probably

the usual lymphocyts complemant of chromosomal material. This opposes
the idea that they have been unable to complete their last mitosie; one would

o supect in that case to find & tetraploid amount of DNA present in the cell.

Rathey, those cells appsar to have two "nucle” dividiag the diploid amount

-~

< ¥0-
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S5UMMARY

1i- A sigoificant increase in biaucleated lymphocytes in the peripheral
. blood was observed in normal individualo exposed intermittently and
<hronically to low-level x and gamma radiation of the order of 0.1 to
0.2 r per weok,

| 2 ' Tﬁe'awragu incldence of these cells in a group of eight chroanieally

exposed persons was 5.9 per 50,000 leukocytes; the range was 3.4 to
7.6. ‘The average incidence tu a control group of seven persons was
" . L4&; the range was 0.4 to 2.8, , '

e 3. | A aigaiﬁtazit Ancrease {n bisucleated lymphocytes in the peripheral

- blood was observed in two normal {ndividuals at ditferent times after
o th?; d% esxposed to a single acute dose of gamma radiation of the
. . o r b‘:.rs :

L 4, Significant hematoiogic responees were not seen in five other normal
" individuals after single exposures togimma radiation in doses less than

! 23’4 -

7, 6. “The data presentod suggest that peaks in the binucleated lymphocyts
. ‘fesponse pattern after {ndividual doses of radiation oecur within a few
T - deys to perhaps 10 daya after exposure. In some individuals relatively
" high levels appear to persiet.

. 6. The bioucleated lymphocyte response is not specific to radiation, It is
o 7 7 probably related also to physiologic stress.

- ?‘ A few mheasuromentos made of the DNA coutent of binueleated lymphocytes

. " T " ment of INA, divided between the two ouclel.

iadfcoté that thess cells contain probably the normal lymphocyte comples

Y | ACKNOWLEDGMENT
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Fig. 2. Incidence of binucleated lymphocytes in the"
peripheral blood of 15 normal individuals: a com-
parison of the incidence in a group of persons exposed
to low~level irradiation with incidence in an unexposed

control group.
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* Fig. 3. Dally radiation-dose record and perfodic
binucleated lymphocyte counts on one individual .

~ for a 90-day period.
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Fig. 4. Radiation-dose record and pei"Lodic binucleated
lymphocyte counts on one individual for a 21 -month
period. .
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DIFFERENCE BETWEEN POST-EXPOSURE

AND CONTROL,
Binucleated lymphocytes /50 000 WBC
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' Fig. 5. Mean differences in binucleated lymphocyte

incidence between two postesposure
control period.
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